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1 . TITLE OF THE INVENTION 


Method of Fabricating Semiconductor Devices 
[Summary] 
[Objective] 

To give high heat resistance to very thin Ti silicide 
film formed by the reaction of Si and Ti . 

[Configuration] 

Natural oxide film 5 is removed from Si substrate or 
polycrystalline Si electrode 3 using low-energy Ar without 
damaging the Si, and Ti film 6 is then formed by 
sputtering in an Ar atmosphere containing trace oxygen and 
nitrogen. The specimen is then heat treated in an 
nitrogen atmosphere in order to form Ti silicide film 7, 
and the TiN film is then removed from the surface or Si02 . 
This produces Ti silicide film 7 having uniform thickness, 
and oxygen or nitrogen contained in the film prevents 
agglomeration of Ti silicide film 7 during subsequent heat 
treatment, thus preventing the deterioration of the 
electrical characteristics of the very thin Ti silicide 
layer . 

2 . WHAT IS CLAIMED 

1. A method of fabricating semiconductor devices, 
involving a process of depositing high-melting point metal 
on a silicon substrate or a polycrystalline silicon layer 
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to form a high-melting point metal (layer), and a process 
of thermally treating the specimen to form a silicide 
layer of the said high-melting point metal on the said 
silicon substrate or polycrystalline silicon layer, being 
characterized by that the process of removing the silicon 
oxide film from the said silicon substrate or 
polycrystalline silicon layer before deposition of the 
said high-melting point metal without damaging the said 
silicon substrate or polycrystalline silicon layer is 
performed in the same vacuum chamber as the process of 
forming the said high-melting metal layer by sputtering in 
an atmosphere containing trace oxygen or nitrogen. 

2. A method of fabricating semiconductor devices, as 
defined in claim 1, characterized by that partial pressure 
of oxygen or nitrogen in sputtering atmosphere is 100 to 
1000 ppm of total pressure. 

3. A method of fabricating semiconductor devices, as 
defined in claim 2, characterized by that silicon oxide 
film is removed from a silicon substrate or a 
polycrystalline silicon layer by a sputter-etching method 
using inactive gas ions with energy of 10 to 100 eV. 

4. A method of fabricating semiconductor devices, as 
defined in claim 2, characterized by that silicon oxide 
film is removed from a silicon substrate or a 
polycrystalline silicon layer by reduction using plasma 
containing hydrogen. 

5. A method of fabricating semiconductor devices, as 
defined in claim 2, characterized by that silicon oxide 
film is removed from a silicon substrate or a 
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polyerystalline silicon layer by using plasma of a mixed 
atmosphere of hydrogen and inactive gas, energy of which 
is 10 to 100 eV energy. 

6. A method of fabricating semiconductor devices, as 
defined in claim 3 or 5 , characterized- by that the 
inactive gas is argon (Ar) . . 

7. A method of fabricating semiconductor devices, as 
defined in claim 1, characterized by that the high-melting 
point metal is Ti . 

8. A method of fabricating semiconductor devices, as 
defined in claim 1, characterized as comprising a process 
of forming high-melting point metal to 2 0 nm or thinner by 
sputtering before the said high-melting point metal is 
formed by sputtering in an atmosphere containing trace 
oxygen or nitrogen. 

3 . DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Scope of Utilization in Industry] 

This invention relates to a method of fabricating 
semiconductor devices, particularly to a method of forming 
a high-melting point metallic silicide layer on silicon. 

[0002] 
[Prior Art] 
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With the increasing level of integration of 
semiconductor devices, device elements such as MOS 
transistors are shrinking. Such footprint shrinkage of 
the elements is inevitably accompanied by vertical 
shrinking, which increases the resistance in diffusion 
layers and gate electrode wirings made of polysilicon on a 
silicon substrate. To avoid such problems, a high-melting 
point metallic silicide layer is currently formed on 
silicon to decrease the resistance. 

[0003] 

Specifically, methods for forming a high-melting 
metallic silicide layer on the surfaces of source-drain 
regions and gate electrodes of a MOS transistor in a self- 
aligning manner are of great interest. An example of such 
a conventional method is described in the IEEE Transaction 
on Electron Devices, vol. ED-32, no. 2, pp. 141-149, 1985, 
in which a Ti silicide layer is formed on the surfaces of 
source-drain regions and gate electrodes in a self- 
aligning manner. 

[0004] 

However, the above conventional method has a problem 
in that Ti silicide agglomerates into islands, increasing 
the sheet resistance and resulting in possible 
disconnection. Such agglomeration occurs during heat 
treatment after silicide layer formation. Heat treatment 
is performed at 900°C for 30 minutes, for example, to 
activate the impurities introduced by ion implantation and 
to reflow and flatten the interlayer insulation film. 
This problem occurs more frequently as the Ti silicide 
layer becomes thinner and narrower. The fact that thin Ti 
silicide is apt to agglomerate has been reported in the 
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Journal of Applied Physics, vol. 71, no. 2, pp. 720-724, 
1992, for example. Therefore, as the Ti silicide layer 
becomes thinner and narrower due to the shrinkage of MOS 
transistors, the agglomeration problem occurs more 
frequently. 

[0005] 

To solve this problem, a method to mix Ti oxide or Ti 
nitride in Ti silicide is proposed. A method of mixing Ti 
oxide is disclosed, in patent H. 2-58874, for example, and a 
method of mixing Ti nitride is disclosed in patent H.2- 
96374, for example. 

[0006] 

The formation of a high-melting point metallic 
silicide layer in a self -aligning manner poses additional 
problems in that natural oxide films are always formed on 
a uniform high-melting point metallic silicide layer 
having a desired resistance value, and that damaged layers 
are created by dry etching. To solve these problems, a 
method of etching and cleaning the surface of silicon 
using Ar plasma before forming high-melting point metallic 
film is proposed in patent S. 62-94937, for example. 

[0007] 

[Problems to be Solved by the Invention] 

However/ in the above-described conventional method 
for semiconductor devices, where Ti oxide or Ti nitride is 
mixed in the Ti silicide layer to prevent agglomeration, 
an uneven natural oxide film is present on the silicon 
because the natural film is not completely removed before 
the Ti film is formed on silicon, resulting in irregular 
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reaction between the Ti film and silicon and producing a 
Ti silicide film with irregular thickness. 

[0008] 

Furthermore, as trace oxide or nitride is added to the 
Ti film, the natural oxide film is difficult to remove 
from silicon completely. Therefore, it is more difficult 
to fabricate such Ti silicide films so as to have uniform 
thickness as desired compared to pure Ti film. 

[0009] 

When the Ti silicide layer on silicon is of uneven 
thickness, the Ti silicide layer is likely to agglomerate 
during the subsequent heat treatment, thus increasing 
sheet resistance. 

[0010] 

However, the above conventional method of fabricating 
semiconductor devices, where the surface of silicon is 
etched and cleaned using Ar plasma before the Ti film is 
formed and heated to form a Ti silicide layer, also has 
problems. That is, although a uniform and desired 
resistance can be obtained practically if the Ti silicide 
layer pattern is sufficiently broad, agglomeration easily 
occurs during subsequent heat treatment if the Ti silicide 
layer is narrow or if a thin silicide layer is necessary. 

[0011] 

More specifically, in Ti films that do not contain 
oxygen or nitrogen, columnar crystals grow individually 
perpendicular to the substrate, each growing on its own 
plane, that is, to different orientations. Therefore, the 
thickness of the Ti silicide layer, which is formed when 


- 7 - 


Ti reacts with silicon, is microscopically uneven. Also, 
silicide crystals are likely to grow as secondary products 
during heat treatment after silicide layer formation. The 
result of these phenomena is that the Ti silicide layer 
agglomerates into islands, resulting in deteriorated 
electrical characteristics such as increased resistance 
and disconnection. 

[0012] 

The above processes are described referring to figure 
4. As shown in figure 4(a), Ti silicide 32 on silicon 
substrate 31 is composed of relatively large crystal 
grains, the height of which differ slightly from each 
other. When the film is heated to 900 °C for approximately 
3 0 minutes, Ti silicide crystal grains 32 grow large and 
agglomerate, deforming the silicide layer into islands,, as 
shown in figure 4(b). Such agglomeration occurs more 
frequently as the Ti silicide layer pattern becomes 
narrower and thinner. 

[0013] 

The objective of this invention is to solve the 
problems described above; specifically, to provide a 
method of fabricating highly refractory semiconductor 
devices, and which is capable of preventing deterioration 
of the electrical characteristics of very thin Ti 
silicide . 

[0014] 

[Means for Solving the Problem] 

This invention is a method of fabricating 
semiconductor devices involving a process of depositing 
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high-melting point metal on a silicon substrate or a 
polycrystalline silicon layer to form a high-melting point 
metal (layer) and a process of thermally treating the 
specimen to form a silicide layer of the said high-melting 
point metal on the said silicon substrate or 
polycrystalline silicon layer, being characterized by " that 
the process of removing the silicon oxide film from the 
said silicon substrate or polycrystalline silicon layer 
before deposition of the said high-melting point metal 
without damaging the said silicon substrate or 
polycrystalline silicon layer is performed in the same 
vacuum chamber as the process of forming the said high- 
melting point metal layer by sputtering in an atmosphere 
containing trace oxygen or nitrogen. 

[0015] 

The partial pressure of oxygen or nitride in the 
sputtering atmosphere used for this invention is 10 to 
1000 ppm of the total pressure. The silicon oxide film 
may be removed from the silicon substrate or 
polycrystalline silicon layer by a sputter-etching method 
using inactive gas ions with 10 to 10 0 eV energy; reduced 
using hydrogen-containing plasma; or by both processes. 

[0016] 

This invention uses Ar for the inactive gas and Ti for 
a high-melting point metal. The high-melting point metal 
may also be formed to 2 0 nm or thinner by sputtering in 
inactive gas alone before the said high-melting point 
metal is formed by sputtering in an atmosphere containing 
oxygen or nitrogen. 

[0017] 
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[Embodiment] 


Figure 1 shows cross sections of the processes in the 
order for illustrating an embodiment using this invention. 

[0018] 

As shown in figure 1(a), gate oxide film 2 is formed 
on silicon substrate 1, and gate polycrystalline silicon 
electrode 3 is formed on gate oxide film 2 . The sidewalls 
of silicon oxide film 4 are formed on the sides of gate 
polycrystalline silicon electrode 3 . The sidewalls of 
silicon oxide film 4 are specifically formed by 
anisotropic reactive dry etching after gate 
polycrystalline silicon electrode 3 has been formed, and 
then the silicon oxide film is formed on the entire 
surface of silicon substrate 1. Here, since the surface 
of silicon substrate 1 and gate polycrystalline silicon 
electrode 3 are exposed to the atmosphere after etching in 
a vacuum, natural oxide film 5 is formed on these surfaces 
as a result of oxidation by oxygen in the atmosphere. 

[0019] 

Next, in order to remove natural oxide film 5 before 
Ti film formation, the film is subjected to wet chemical 
etching using a hydrofluoric acid solution of 
approximately 1 mol% concentration. However, thin natural 
oxide film 5 is formed due to post-etching washing or when 
later exposed to the atmosphere. 

[0020] 

Subsequently, silicon substrate 1 is transferred to 
the sputtering system, where natural oxide film 5 is 
etched and removed by the sputtering method using inactive 
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gas ions, as shown in figure 1(b). If the radio frequency- 
sputtering method with counter electrodes is used here, 
argon (Ar) gas should be introduced at 2 to 15 mTorr in 
pressure, then radio frequency bias should be applied to 
silicon substrate 1. Here, a voltage of 100 V or smaller 
must be applied to the silicon substrate. 

[0021] 

These conditions must be observed in order to prevent 
Ar gas ion energy from being input into silicon. 
Simultaneously, the Ar gas ion energy should be between 10 
and 100 eV in order to secure sufficient energy for 
sputtering and etching. Although Ar gas is used here, 
other inactive gases such as krypton (Kr) , xenon (Xe) , and 
neon (Ne) may be used instead. 

[0022] 

Next, as shown in figure 1(c), Ti film 6 is formed to 
a thickness of 3 0 to 10 0 nm without being exposed to the 
atmosphere. Specifically, the Ti target is sputtered in 
an Ar atmosphere containing oxygen or nitrogen to a 
partial pressure of 100 to 1000 ppm of the total pressure. 
This allows approximately 50 to 1000 ppm oxygen or 
nitrogen to be contained in Ti film 6 . 

[0023] 

Then, heat treatment is performed using the rapid 
thermal annealing system in' a nitrogen atmosphere at 600 
to 700°C for 10 to 60 seconds. This allows the regions of 
Ti film 6 in contact with silicon to form a layered 
structure consisting of Ti silicide film 7 and TiN film 8, 
and the regions of Ti film 6 in contact with the silicon 
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oxide film to form a layered structure consisting of TiN 
film 8 and unreacted Ti film 6, as shown in figure 1(d). 

[0024] 

Then, as shown in figure 1(e), TiN film 8 and 
unreacted Ti film 6 are selectively etched and removed 
using an aqueous solution of ammonia and hydrogen 
peroxide. Since Ti silicide film 7 here has the C49 
structure with high resistance, i.e., 0.6 x 10~ 5 to 1.5 x 
10~4 Qcm of specific resistance, heat treatment is 
performed again using the rapid thermal annealing system 
in a nitrogen or inactive gas atmosphere at 850 to 950°C 
for 10 to 60 seconds in order to change the phase of Ti 
silicide film 7 to the stable C54 structure, which has a 
low resistance of 1.5 to 2.0 x 10~5 Qcm. 

[0025] 

The second heat treatment for changing Ti silicide 
film 7 from the C49 structure to the C54 structure must be 
performed at higher temperature and for a longer period 
because Ti silicide layer 7 becomes narrower and thinner. 
As shown in figure 1(f), jBPSG film 9 is formed on the 
entire surface of the substrate by chemical vapor 
deposition (CVD) , followed by thermal treatment in a 
nitrogen atmosphere at 750 to 1000°C for approximately 10 
to 30 seconds for ref lowing and flattening purposes. 

[0026] 

Then, as shown in figure Kg), a contact hole 
extending down to Ti silicide layer 7 is formed at a 
desired position in BPSG film 9 using standard lithography 
and etching techniques. After that, Al alloy film 10 is 
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formed by sputtering and patterned into a desired shape, 
thus forming Al wirings . 

[0027] 

In this embodiment, natural oxide film 5 on silicon is 
removed using Ar ions with a low energy of 10 to 100 eV 
without damaging silicon. Other methods may also be used. 

[0028] 

For example, natural oxide film 5 may be removed 
completely using plasma containing hydrogen.. However, 
reduction using hydrogen plasma alone requires higher 
substrate temperature and more time. The use of plasma 
containing both hydrogen and Ar for removing natural oxide 
film 5 requires a lower temperature and shorter etching 
time. In this case, however, Ar ion energy in the plasma 
must also be between 10 and 100 eV. 

[0029] 

For generating plasma with such low energy and high 
density, plasma sources such as electron cyclotron 
resonance (ECR) and helicon wave are suitable. 

[0030] 

Although Ti film 6 is formed in the Ar atmosphere 
containing trace oxygen and nitrogen immediately after 
removing natural oxide film 5 from the silicon in this 
embodiment, pure Ti film 11 may be formed to a thickness 
of 2 0 nm or thinner by pure Ar sputtering below Ti film 6, 
which contains trace oxygen or nitrogen, as shown in 
figure 2. This is because after natural oxide film 5 is 
removed, the surface of the silicon is exposed to the 
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atmosphere containing oxygen or nitrogen and thus may be 
oxidized or nitrified before Ti film 6 is formed. 

[0031] 

Depending on the total Ti film thickness, pure Ti film 11 
should be thinner than 20 nm; if the film is thicker than 
20 nm, the advantages of this invention diminish, thus 
allowing Ti silicide film to agglomerate easily. 

[0032] 

If the partial pressure of oxygen or nitrogen during 
formation of Ti film 6 is less than 100 ppm, the 
concentration of oxygen or nitride in Ti film 6 will be 
too low to fully suppress the agglomeration of Ti silicide 
film; conversely, if the partial pressure is greater than 
1000 ppm, oxygen in Ti film 6 or a Ti silicide layer with 
a desired thickness may not be obtained. Therefore, the 
partial pressure of oxygen or nitride should fall between 
100 ppm and 1000 ppm. 

[0033] 

The following describes the reasons why this invention 
is effective for preventing agglomeration of the Ti 
silicide layer. 

[0034] 

One reason is that the Ti film is formed on the 
silicon after the natural oxide film has been completely 
removed from the silicon without damaging silicon. 
Another reason is that a Ti film with very small grain 
size is formed by sputtering in an atmosphere containing 
trace oxygen or nitrogen, thus entraining trace oxygen or 
nitrogen into the film. Combining these two processes 
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improves the microscopic uniformity of thickness of the Ti 
silicide layer, which is formed by later heat treatment. 
If trace oxygen is added to the Ti film to form the Ti 
silicide layer, oxygen is deposited between Ti silicide 
layer 13 and silicon substrate 11 to form layer 12 
containing appreciable quantities of oxygen, as shown in 
figure 2. This layer prevents silicon from further 
diffusing into the Ti silicide layer during subsequent 
heat treatment, thus suppressing agglomeration of the Ti 
s i 1 i c ide layer . 

[0035] 

If trace nitrogen is added to Ti film to form the Ti 
silicide layer, titanium nitride (TiN) 22 is deposited at 
the grain boundary in Ti silicide layer 23, as shown in 
figure 3. TiN 22 suppresses the secondary growth of 
crystalline grains of Ti silicide during subsequent high- 
temperature heat treatment, thus preventing agglomeration. 

[0036] 

As described above, this invention induces the 
formation of a very thin low-resistance silicide layer, 
and prevents deformation of the silicide layer, thus 
preventing deterioration of the electrical characteristics 
during subsequent high- temperature heat treatment. Note 
that other high-melting point metals such as Co, W, and Ni 
provide exactly the same effects as Ti . 

[0037] 

[Advantages of the Invention] 

As described above, in this invention, the silicon 
oxide film is removed from the silicon without damaging 
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the silicon, and Ti film is formed by sputtering in an 
inactive gas atmosphere containing trace oxygen or 
nitrogen while preventing the silicon from being exposed 
to the atmosphere and hence preventing the formation of a 
further natural oxide film. As a result, the Ti film is 
prevented from agglomerating when the Ti silicide layer is 
formed later by reaction of the Ti film with silicon. 

[0038] 

Specifically, in the conventional method, when the Ti 
silicide layer is narrower than 0.5 |inn or thinner than 50 
nm, the Ti silicide layer agglomerates, thus increasing 
resistance and causing disconnections by heat treatment at 
temperatures higher than 750°C, and low-resistance Ti 
silicide with the .C54 structure cannot be obtained by heat 
treatment at temperatures lower than 750°C. Even if the 
C54 structure is obtained, the Ti silicide layer would 
agglomerate when the BPSG film is subsequently deposited • 
and thermally treated at 800 to 900°C, which is performed 
in order to flatten and reflow the BPSG film. By 
contrast, in this invention, agglomeration can be 
prevented in heat treatment at up to approximately 850 to 
900°C; Therefore, a very thin low-resistance Ti silicide 
layer with a C54 structure can be obtained, and the Ti 
silicide layer does not agglomerate during the subsequent 
BPSG film deposition and heat treatment for flattening and 
ref lowing, thus preventing increased resistance and 
disconnections of the Ti silicide layer. 
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4. BRIEF DESCRIPTION OF THE DRAWINGS 


[Figure 1] 

Cross sections of the processes in the order for 
illustrating an embodiment using this invention. 

[Figure 2] 

A cross section for illustrating the effect of an 
example using this invention. 

[Figure 3] 

A cross section for illustrating, the effect of another 
example using this invention. 

[Figure 4] 

Cross sections for illustrating the problems of prior 
arts . 

[Numerics in Figures] 


1, 11, 21, 31: silicon substrate 
2 : gate oxide film 

3: gate polycrystalline silicon electrode 

4: silicon oxide film 

5: natural oxide film 

6: Ti film 

7: 13, 23, 32: Ti silicide film 

8, 22: TiN film 

9: BPSG film 
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Al alloy film 

layer containing a mass of oxygen 
grain boundary 
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3 Natural oxide film ^ sil i«>n oxide film 

L $ C/-v} Gate polycrystalline silicon electrode 

C f-1 Silicon substrate 

£ . Ar ions £l 



Figure 1 
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>)3 Ti silicide film 

^ ^ ^ ^ 

Layer containing appreciable quantities of oxygen 
^-i i Silicon substrate 


Figure 2 


22TfN 


^ Ti silicide film 
--21 silicon substrate 


Figure 3 
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mMtteifi*§<fo&-rztfi>. @4 (b) tcTjvr-fcatai 

T i'>y+M FJf©>^#— <, SfcJ^P 

[0 0 13] #SSH)i©giHJfciu d*xe>©iaM£8?&U 
HSH1SM4£«U WKKTi^'J^-r F©«!tfS&©& 

[0 0 14] 

[PIS£8P&?--5fc»©3M8] *^W©«figtt> 

bTS@6^^a b#fnats,K: «t ») Huffii' u 3 >as 

BtIfBiSi4^Jl©ffitSt5fe3i:'^, busB^ 'J 3 >S 
Sfe £ vttt&eai' 'J 3 >Jf ±©-> y n >$fb&l£mii3 

> y n «VMd:^HSA^ y 3 >® 5 


[0015] $ £>tc*$Bm§©x^ \y * y > jrSH&f ® 

^fesv^H:^©^-Etf, ±k<d 1 o~ 1 0 0 0 p p 

05 rnTSD, y 3 vatg&S^fcfc^fglli'y 3 

>S±©^ y rj >^bK©Rfc*£ 1 0 ~ 1 0 0 e V©ffi 

ffl©oi^l/^— ttm&iJ X -f JCTX^ tf 9 

10 [ 0 0 1 6 ] $ t>C, ^S^ffl^fgfttfXtfA rtfe 
t), £fc> itfl8u£&JS#Ti-C-ifc!K *fcitiIb£&J«£ 

^T;w^gfSi£^tr#fflS,fcTx^>.y* y >^ct 

^fSHuJc, ^rStetfX©^"? 2 0 nmJ6LT©f!iIfait5 

gw&fejsfcx^ * * y >^cr^-r 5 - 4)t & 5. 

15 [ 0 0 1 7 ] 

[suag^i] iaitt*iBM©-^sf5«?!isiaw-rsfc»cx 

gjllfc: fr< b fcHSr® ^T- & 5 o 
[0 0 1 8] El (a) £5rT<fc-5£> 

±t^-b®fbiK2^ ^e>c^©±cy-h^«ss^ 
20 y^>««s3*s^^n> y-h*isii^y=i>««3 
©«!iiBc ^ y 3 >^<bjK 4 ©-y--f k ^ 

So ^>yn>^b^4.1;>3«:i)-9-'f K«>*-;Ht> V- 

b ^mmis y 3 >sffi 3 *mm., >• y 3 >*« 1 ©^ 

It-> y 3 >^bM*^fi£bfe^ Y^J^v?- 
25 >^Si:tSMx9f>ySfiftoTMt5. dffl 

' *is©tn stably 3 >a«i-?>y- b^gi!^ y 

30 [0019] JfeC, T i m.V>Wtf8X.9t1t% S«»fblK 5 

*K?*-rsfc»ic, imoi%ga©ii©7?'i«s 
b, ai^^>^©zk?sfc j ?' j e©«sv^{c^e.^ns 

*ifbt. ^IV>S^^blK5 4 J fl$fig$n-Cb*^. 
35 [0 0 2 0] ^©&, i'UnVlfiU^'^i;^ 

^>CJ:?)iai (b) £7?;T&5tz&fmfcms*^v 

m$ix/ i iv*^yr>y&i£xi : ?&?me>. T)vzi> 

40 (Ar) J3X% 2~ 1 5mT o r r<DE.fj 5 & 

ta. ^©^atsc*»ipsmffitt i o ovj^Ttc-rso 

[0 0 2 1] CinH:, Ar^-ftVfflx^^-tfj/ 
y nvrtK-f >3j->^A^ix^v i >«};o{Cb'5:ltti«'&?> 

— ttl 0~ 1 0 0 e V<D®mt? S©A ^ M*bV^. C^. 
T-ttAr^XSrfflV^fc^ flb©TSS^X03xtf 9 "J 7" 
h> (Kr) , ^-fey> (Xe) Xtt^> (Ne) X 
50 X£fllV>T4>.fc^o 
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[0 0 2 2] 01 (c) CSti^C^t 

£t>-Tc:i:&<Ti|&6£30~l 0 0nm<Dj*3l3£ 
jgg-rs. -£©(®, Ar#XC:£JE©l 0 0~1 0 0 Op 
p m©#ffi i: & S £ -5 £ $#StXH:£fii SiSiO b fc#H^ 

T iJ8!6*k:®fiiXfcJ:g5i?A s 5 0~1 0 OOppmgS 

[0 0 23] ^#H^,*-CJi5^7'^-;i'«B 
■C-6 0 0~7 5 0"Cf 1 0~6 0#CD^j8raSff«:5o 
dtUCfc^Hl (d) fc^-T<tdt> J/U3>fc»l/T 
V*ST iflI6f±T i^»JU"-f Kffil7 i: T i NJg8©«Jf 
*?ligi:fc!K 3 >®{bJBLt©T iBI6B:T iNM8 
£*&JiB©T ifil'6©;ttJffl|ji£fcS. 

[0 0 2 4] -^©^ mi (e) K7jvr«fc-5!C, TV^E 
-Tfcj§®{tak^©xkSM-r*T i NM8 i:*SiST iJK 

i > U *-f ttC 4 9«jST-fc 5 ibifiirtT' 0 . 6 x 
10 ! ~1. 5x 1 O^acmtm^hifi^Tzlsb. -^© 

mm.mm^kT-—)^m.x- 85o~95o*ctio 

XTiisVIM h*!g7£g£&C5 4MM£fflta£;*-B- 
tl. 5~2. OxlO-'QcmfcfifiSCtS. 
[0 0 2 5] Ti->'JW HM7*C4 9«3t^e>C5 
4«jg^'fb$-a-Sfc«)©®2[l]B©^lQ ! SiljSH:, T 

i -> u +*--f 7 <Dm j pmmifi>i^^&ifi%up!&mt: 
-r jv? tca^aic bps gbi* 9 &<k&$mmAm 

(CVDg) §f#I^t-7 5 0~l 

0 0 O'CCi&KT? 1 0~3 o^m&maMLx, BPS 

[0 0 2 6] ^©&, SI (g) C^-r«fc-5£BPSG 
flg 9 ©f3rg©t£fi£ Ti'>'J KJB 7 Cjg-T 5S$S?L 

ai^mi osx^^^uvyatcto^fiEu 
mM©jB#£^*-->£ r b-j\ Aim&ZBfS.-tz. 

[0 0 27] *SaB0!C*V^TB\ U 3 >±CJ&$;* 
*xfcgf?8&'fbffiS5©B&*£ 1 0~ 1 0 OeV©li*;i/ 
©ArW *>ti?)fT*:otV'>5A s , *>'J:n>£« 
jS£#;L£V\, fl!i©;£ffiW6:o-tfc±^o 

[0 0 2 8] 0d*fcf> 2K^£^tr^X^{c J; 5. @SS 
&fbM5£5S£bT bTfc«fcV>o bi»U 2k^7"5Xv 

XvCt gftttfbK 5 £Bfofe-r S d i: C <fc 9 fiWb-^ai 

V>T*), 77X7(f©Ar-f ^©.x.*;^— ttl 0~ 
10 0 eVW-TtC^S^S^fe^o 
[0 0 2 9] d©.J:-5fc:{£^f.,Mf— ©-f3J->T\ 
4)iS^S©^Xv^^-y-Sfc»Jc:H:, m^tNf* 
ahD>«HS (ECR) ^XvS^'^VS^X 


vM&iftfSbT^So 

[0 0 3 0] #HBE09£i5^T{±. ->'J3>±ffl 

fi£^tr#BM*-C-Tii&6Jfcj£bTV^#, H2C^ 
05 -Ti^Cx ^fe5^(i^%^«{c^trTiJS6©T 
CArC^T-X^y* U >^lC«t 9jfcj£bfcifiST iflg 
1 1 £2 0 nmfcrF©JP£ICfl2JiKb-T:&&V\, -e©ss 
fciU g£f^bJg|5£|Sfc3c&, ^fUfcS^ttgtil&^A,*: 
nm%lCt!t>-?Z£lc&*), TiJK6©JB^BU«c«>Un 
10 >aH3^) s ^b$>5^^B:^b$^^S^:i:* J J?>5fe^^)•C-fe 

So 

[0 0 3 1] fcfiTiJSIl l©J8UPfcfc, ±TiKJEt*«t 
2 0 nmW.T^MV^ 2 0 nmfil±TH:*^© 
$&S#f$ftT, Ti->'Jit-f KJK#lg*b-?>-f <&5fc 

15 

[0 0 3 2] Tiig6£B^-SIS©®#i?;i£>S^ttgiii 
©#ffi« 1 0 0 ppmjy.TT»iT iBte^fflSlSfeSV 

*i3?^.S-i:* s T-t'5iV^ i£C 1 0 0 OppmfiLte 
20 fciu TiiefCffiffeSW^ Sfa©KJ9fflTi'>U 

S^tt^Si©^** 1 0 0~1 0 0 0 ppm#SSb 

v«. 

[0 0 3 3] &C#fgf!)ifc:«fc 0 T i x > 'J 1M F«#Kift 
25 bt<<ft51S*a^5. 

[0 0 3 4] TiM<£^fig-rSHUt^'Jr3>±© 

S^fbKS^unvcaffi^^rc^u 

g ftfltfbJKcDttt vKJBTC T i M£ JBfiE bT ^ 5 ;i o ifc 

JBg©^a5SW±g&£e&§C$A,£T iJKSrJ&^-T 
w±©2o^iS^-&t>-&5c:i:{c < t>), -?©^ 

commie *.*)Bf&£tizT i^u^-r KStt^wt 

35 ^^•a-TTiJ/Ult'f Ke^JKJ^bfcS^-v 02t^f 
«toCTi>>'J^ KB1 3fc->ij3>»Sl lOfflt 

JScf>{cv'i;n>tf$p,icffifc-rs©^B5itb , r, Ti^ 
40 'J-tNf KlfflSi^SitV^. 

[0 0 3 5] TiK^t^&^fit^Sc-a-CT 
iJ'U-iM Wi«BJ«l,fe»^ 03{c^-T«tat, T 

1 -> «J It'f 2 3 ©ISIfC^b^^ - ^ A ( T i N) 

2 2* s #fUib, CtltCiO, -£©&©igi&i8«auifc«fc . 
45 t), Ti^yt-f K©SSSffi© 2 JtefiES^WJ b> ^ 

%&ZZ.X^Zo 

[0 0 3 6] &,±MW\stz£olc, XftWlZi. DSSIffl* 

C*3V>t*>i'U-9--f Hg©JBtt^b{c«t5»^tttt©* 
50 ^b^BS^^fctft-^S. HIS, *ftW<DMm&&]M£l; 
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TBU TiCDffe> Co, W, N i^©tfr&fc*>:£< m&L 

©$&*#*rSo 

[0 0 3 7] 

[ 0 0 3 8 ] HaaftCfcfc, Ti^UW HS©B#0. 
5/zmJiJlT&S^ttl^#5 0nm&Ti:^i§1^> t£ 
3fc©ftffiT*B: 7 5 0 -Ci^±(DmSMX' Tii/'J F« 
tt^bTffilrCAsii^Ufe^ef^UTUia^ 75 0 
"CWTOfiiBT-ttC 5 4aig©<SffiSi©T i i/ W-< F 
S^^-SClfc^T-gfe^. ifc, <g£C5<H?tjg#-e 
gfckbt *>*©&, BPSGBI£it«bT¥S<b'J:7 
D— ©fc»©8 0 0~9 OO'CC^UaCtDTi^U 
-tM Hjl^llMbTU^ -5*^ CinJC^fbT*^©^- 
STC-fet, 8 5 0 ~ 9 0 0 °Cmm<DtfMEM£T-&M&jS$ 
z.ZZk.tfivlWX&Zfelsb. C 5 4«jg©®«an;©$$ffl 


£it« VXW-m.fi> U 7 D-©fc ^©fSHIlSS^o Xi> 

Ti->u tt-^r KMttayii#r% t i u -tt-r kb©^; 
mttm&zmitx' §zt^o as^s s . 

im i ] *&W(D-mmm*wm-rz]3m<Dmwm B 
m 2 ] *^©»*^iftwr s-0a©»fHSo 

[S3] *^©«l*&giW1-Sffe©0il©»f®0. 
[04 ] f&tE&^H^£S^*-SKBiH. 
10 ffi^nWLWl 

1,11,21,31 ->'Jn >a« 

2 h^bK 

3 y-h^Si'UnvSei 

4 S'UavBMbM 
15 5 SffiflMbflK 

6 Til 

7, 1 3, 2 3, 3 2 TiJ-W KM 
8,2 2 TiNI 
9 BPSG1 
20 1 0 Al^M 

1 2 RX&£ft£dA/£JI 
3 3 m# 


[02] 


[S3] 


^ ^ ^ s 


Z2TrN 
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